photo-stable. These properties, along with their ease of synthesis, make PAEs a popular class of conjugated polymers that has found numerous technological applications, e.g. in the field of chemical sensors. 2 The general structure of a PAE, i.e. alternating aromatic blocks and carbon-carbon triple bonds, allows for great flexibility in the design and tunability of the polymer's physical properties. Harnessing the power and versatility of organic synthesis, it is possible to prepare diverse monomers containing virtually any degree of structural complexity, which could then be used to synthesize a range of polymers with varying properties. As a result of our recent work on dibenz [a,j] anthracene based J-aggregating macrocycles, 3 we became interested in incorporating the isomeric dibenz [a,h] anthracene motif into conjugated polymers. Over the years, the aryl component of PAEs has seen a wide variety of different aromatic groups, with the simple benzene ring being the most common, i.e. poly(phenyleneethynylene)s (PPEs).
Polycyclic aromatic moieties such as anthracene have also been used frequently, 4 and previous work in our group has also employed more complex building blocks such as dibenzochrysene 5 and triphenylene. 6 In most of the aforementioned examples, the resulting polymers can be approximated to linear rigid rods, as a consequence of the para-substitution pattern between repeat units of the polymer backbone. With 6,13-and 5,12-linkage patterns on our dibenz [a,h] anthracene building block, the resulting polymers would adopt a 'stair-stepped' structure instead, and we were curious as to how this aromatic moiety, along with the unusual substitution patterns, would affect the physical properties of the resulting polymers. 
Results and Discussion
The dibenz [a,h] anthracene-based monomers 3 and 5 were synthesized in good yields from the same dibromide 1 over two and four steps respectively (Scheme 1).
Subjecting dibromide 1 to double Suzuki coupling with two equivalents of 4-hexylphenylboronic acid under generic conditions led to the terphenyl derivative 2, which was then converted to monomer 3 via a twofold electrophilic cyclization brought about by treatment with iodine monochloride at -78 °C. Diiodide 3 can be converted to monomer 5 over several steps, starting with the formation of dialdehyde 4 via a lithiation/formylation procedure, followed by a Corey-Fuchs homologation 7 to establish two terminal alkynes. Straightforward conversion of diiodide 3 to dialkyne 5 via a Sonogashira coupling/deprotection protocol tends to be unsuccessful, as we have recently described elsewhere. Diiodide monomer 3 was used in the preparation of polymers 8 and 9 via palladium-catalyzed Sonogashira polycondensation with comonomers 6 and 7 respectively (Scheme 2). We reacted the simple dialkyne 6 with the sterically hindered diiodide 3 in order to test the latter's viability in polymer formation. This turned out to be facile, giving the desired polymer in 89% yield. In the second reaction, the sterically bulky monomer 7 (6,13-diethynylpentiptycene), which had been previously used in the production of non-aggregating poly(arylene ethynylene)s, 8 was successfully copolymerized with 3. The successful reaction of these two hindered molecules attested to the reactivity and viability of diiodide 3 as a monomer. Gratifyingly, polymers were obtained in high yield in both cases, with 8 being isolated as an orange solid, and 9 as a 
lemon-yellow solid. We also attempted a homopolymerization of monomer 5 using modified Glaser-type coupling conditions with p-benzoquinone as the oxidant.
Unfortunately, the yield in this case was much lower (ca. 60%), and the purification process also proved challenging. As a result, only a very minute quantity of the butadiyne-type polymer could be isolated, precluding the possibility of rigorous characterization. Furthermore, the polymer was found to have low solubility in various organic solvents. In conclusion, using dialkyne 5 to form a stair-stepped homopolymer appears to be unsuccessful. Based on the above findings, the adequately substituted dibenz [a,h] anthracene motif can easily be incorporated into poly(aryleneethynylene)s via Sonogashira polycondensation, but accessing butadiyne-type polymers using Glaser coupling proved to be more problematic.
Scheme 2. Synthesis of polymers 8 and 9. To investigate the effects of alkoxy vs. alkyl substitution on the photophysical properties of the resulting polymers, the analogous monomer 12 was synthesized. This diiodide 12 can once again be prepared using a sequence of transformations (Scheme 3) similar to those used in the synthesis of our J-aggregating dibenz [a,j] anthracene-based macrocycles. Beginning with dibromide 1, double Suzuki coupling with 4-methoxyphenylboronic acid affords terphenyl 10 in good yield. The terphenyl is 
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Polymer 8 shows an absorption maximum (λ max ) of 436 nm in solution, and is a blue-green emitter (Table 1, Figure 1) . Its solution photoluminescence spectrum shows peak emission at 450 nm, with a secondary peak at 483 nm. Polymer 9, which incorporates the bulky pentiptycene unit, displays blue-shifted absorption and emission relative to polymer 8. The steric bulk of the pentiptycenes probably reduces overall conjugation along the polymer backbone by twisting the monomer subunits relative to one another. These factors lead to the observation of pure blue emission instead of bluegreen. Another interesting feature of polymer 9 is that unlike the pentiptycene-containing
PPEs previously synthesized in our group 11 , the presence of that bulky comonomer does not seem to prevent aggregation, as evidenced by the red shift and reduced fluorescence quantum yield of polymer 9 films compared to the corresponding solutions. We believe there are two reasons for this. First, unlike the pentiptycene-containing PPEs, polymer 9
incorporates rather large polycyclic aromatic dibenz [a,h] anthracene units. By contrast, the much smaller comonomers (single benzene ring) of our pentiptycene-containing PPEs are dwarfed by the larger pentiptycene units, resulting in polymers whose backbones are exceedingly well-shielded sterically, thus preventing aggregation and self-quenching in concentrated solutions and thin films. With such large π-surface areas present in polymer 9, the three-dimensional bulk of the pentiptycene units are unable to effectively shield the polymer backbone, and as a result, interchain π-π stacking between polycyclic aromatic units still occurs, producing bathochromic shifts and lowered quantum yields. Secondly, it must be noted the polymer 9 is structurally a stair-stepped polymer rather than a PPE, whereby the two flanking pentiptycene groups are connected to the dibenz [a,h] anthracene unit at different 'levels' of the 'staircase' (vs. para substitution in PPEs), resulting in further reduction of the pentiptycene shielding efficiency. As for polymer 13, the replacement of alkyl chains with alkoxy groups (compare with polymer 8) in the dibenz [a,h] anthracene subunits brought about a small red shift. Apart from this, the spectral profiles of the structurally similar 8 and 13 are nearly identical. Polymer 19, which features 5,12-substituted dibenz [a,h] anthracene repeat units, experiences less intrachain steric repulsions between the monomer repeat units compared to polymer 8.
Thus, increased conjugation and a corresponding bathochromic shift in the absorption and fluorescence spectra were expected. This was indeed observed, making polymer 19 the most spectroscopically red-shifted polymer of the series, showing maximum absorption at 454 nm and green emission at 507 nm (with a shoulder at 541 nm). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
